Objective: Long non-coding RNAs (lncRNAs) have been identified as important players in tumorigenesis. LncRNA TMPO antisense RNA 1 (TMPO-AS1) has been shown to be involved in several tumors. However, the functional role and the underlying mechanism of TMPO-AS1 in regulating cervical cancer cell behavior remain unclear. Materials and Methods: Expression of TMPO-AS1, miR-143-3p, and ZEB1 were examined by qRT-PCR and Western blot. Cell proliferation, migration and invasion were evaluated using CCK-8 assay and Transwell migration and invasion assays, respectively. Luciferase reporter assay was performed to investigate the interaction miR-143-3p and TMPO-AS1 or ZEB1. Results: TMPO-AS1 was highly expressed in cervical cancer cells. Furthermore, TMPO-AS1 overexpression significantly promoted C-33A cell proliferation, migration, and invasion. In contrast, TMPO-AS1 silencing inhibited SiHa cell proliferation, migration, and invasion. Mechanistically, TMPO-AS1 acted as a sponge of miR-143-3p to elevate expression of zinc finger E-box binding homeobox 1 (ZEB1), a target of miR-143-3p, and thereby promoted C-33A cell proliferation, migration, and invasion. Further assays showed that TMPO-AS1 knockdown inhibited cervical cancer cell tumorigenesis in vivo. Conclusion: TMPO-AS1 promotes cervical cancer cell proliferation, migration, and invasion by regulating the miR-143-3p/ZEB1 axis.
Introduction
Cervical cancer contributes to the second-highest number of deaths in female cancers with high risks of morbidity and mortality. 1 Currently, the diagnosis and therapy of cervical cancer are still challenging. Therefore, searching for the ideal tumor markers and therapeutic targets is urgently needed to improve the diagnosis and treatment of cervical cancer.
Long non-coding RNAs (lncRNAs) are commonly defined as non-proteincoding RNA transcripts with lengths exceeding 200 nucleotides and have emerged as pivotal regulators in various cellular processes. 2 Considerable evidence indicates that lncRNAs are deregulated and may exhibit tumor-suppressive and oncogenic functions. 3 With regard to cervical cancer, increasing data have highlighted the importance of lncRNAs in cervical cancer in terms of prognosis and tumor progression, invasion and metastasis, apoptosis, and radio-resistance.
TMPO antisense RNA 1 (TMPO-AS1), a lncRNA located at chromosome 12, have been recently shown to be involved in several cancers. Huang et al 5 reported that TMPO-AS1 was upregulated in PCa tissue samples and promoted PCa cell proliferation and migration. TMPO-AS1 could also affect the prognosis of patients with lung adenocarcinoma through regulating cell cycle and cell adhesion. 6 With regard to cervical cancer, Liu et al 7 showed that TMPO-AS1 was highly expressed in the cervical cancer tissues when compared with the adjacent tissues according to chip analysis. However, the expression of TMPO-AS1 in cervical cancer cells and its exact role in cervical cancer remain unclear.
Extensive studies have shown that lncRNAs exert roles by acting as competitive endogenous RNAs (ceRNAs) to segregate microRNAs (miRNAs) away from target mRNAs. 8 Our bioinformatics analysis revealed that TMPO-AS1 harbors putative binding sites of miR-143-3p. Existing evidence showed that miR-143-3p was lowly expressed in cervical cancer tissues and cell lines and exerted tumor-suppressive effects in cervical cancer. [9] [10] [11] Furthermore, our bioinformatics analysis showed that zinc finger E-box binding homeobox 1 (ZEB1) harbors a miR-143-3p binding sequence in the 3ʹ-untranslated region (3ʹ-UTR) of its mRNA. ZEB1 is generally believed to exert intrinsic oncogenic functions and foster cancer cell migration, invasion, and metastasis. 12 Thus, in this study, we tested the hypothesis that TMPO-AS1 elevates ZEB1 expression by competitively sponging miR-143-3p, and thereby affects cervical cancer cell behaviors.
Materials and Methods

Cell Lines and Culture
Four cervical cancer cell lines (HeLa, SiHa, CaSki, C-33A) and human papillomavirus (HPV)-immortalized cervical epithelial cells (H8) were purchased from the American Type Culture Collection (ATCC, Manassas, VA, USA). Cells were cultured in Dulbecco's modified Eagle's medium (DMEM, Gibco) supplemented with 10% fetal bovine serum (FBS, Gibco), 100 U/mL penicillin, and 100 mg/mL streptomycin in humidified air at 37°C with 5% CO 2 .
Cell Transfection
To overexpress TMPO-AS1, the full-length TMPO-AS1 was cloned into pcDNA 3.1 (Invitrogen, Carlsbad, CA USA), generating pcDNA3.1-TMPO-AS1, with an empty pcDNA3.1 vector used as a control. The specific siRNAs for TMPO-AS1 and ZEB1 (si-TMPO-AS1 and si-ZEB1), scramble siRNA control, miR-143-3p mimic, miR-143-3p inhibitor and their negative controls (mimic NC and inhibitor NC) were synthesized and purchased from GenePharma (Shanghai, China). The si-TMPO-AS1, si-ZEB1, and scramble control were used at a final concentration of 50 nM. The sequences of these siRNAs were as follows: si-TMPO-AS1: sense, 5ʹ-GAGCCGAAC UACGAACCAATT-3ʹ and antisense, 5ʹ-UUGGU UCGUAGUUCGGCUCTT-3ʹ; si-ZEB1: sense, 5ʹ-UGCA UUUGCAGAUUGAGGCUGAUCA-3ʹ and antisense, 5ʹ-UGAUCAGCCUCAAUCUGCAAAUGCA-3; a scra mbled siRNA negative control: sense, 5ʹ-UUCUCC GAACGUGUCACGUTT-3ʹ and antisense, 5ʹ-ACGUGAC ACGUUCGGAGAATT-3ʹ. C-33A or SiHa cells were transfected with these siRNAs, miRNAs, or plasmids using Lipofectamine 3000 (Invitrogen) according to the instructions. Following 48 h of transfection, cells were harvested for quantitative real-time PCR (qRT-PCR) analysis to examine the knockdown or overexpression efficiencies.
Cell Viability Assay
Cell viability was determined using the CCK-8 kit (Beyotime, Shanghai, China) according to the manufacturer's instructions. Briefly, following transfection, C-33A or SiHa cells were harvested and seeded into 96-well plates at a density of 5×10 3 cells/well. After 48 h of incubation, 10
μL of CCK-8 solution was added to each well. Following incubation for 4 h at 37°C, the optical density (OD) values at 450 nm were detected by an enzyme-labeled analyzer and were normalized to control well.
Transwell Migration and Invasion Assay
Following transfection, cells were suspended in 200 μL of serum-free medium and added into the upper chambers of a 24-well Transwell plate with 8.0 μm pore which was precoated with Matrigel membrane. Subsequently, 500 μL of complete medium containing 10% FBS was added into the lower chambers as a chemoattractant. Following 24 h of incubation, the cells in the upper layer of the membrane were gently wiped off with a cotton swab. Cells that invaded through the membrane were fixed with methanol and stained with crystal violet. Then the invaded cells were observed under a microscope and the number of invaded cells was counted from five randomly selected fields. The Transwell migration assay did not require the addition of Matrigel.
Luciferase Reporter Assay
Dual-luciferase reporter assays were performed to explore the direct interactions between TMPO-AS1 and miR-143-3p as well as miR-143-3p and the 3ʹ-UTR of ZEB1 mRNA. Briefly, the fragments of TMPO-AS1 and 3ʹ-UTR of ZEB1 containing the predicted wild-type (WT) or mutated (Mut) binding sites of miR-143-3p were amplified, purified, and inserted into the pMIR-GLO Luciferase vector (Promega, Madison, WI, USA). Subsequently, we co-transfected the pMIR-GLO-WT-TMPO-AS1 or pMIR-GLO-Mut-TMPO-AS1 with miR-143-3p mimics or mimic NC into HEK293 cells using Lipofectamine 3000. The pMIR-GLO-WT-ZEB1 or pMIR-GLO-Mut-ZEB1 was transfected into HEK293 cells in a similar way. The pRL-TK plasmid expressing Renilla luciferase was cotransfected into HEK293 cells as the internal control. Luciferase activities were measured at 48 h posttransfection using the Dual-Luciferase Reporter Assay System (Promega) and normalized to the Renilla luciferase activity.
Animal Experiments
Five-week-old female athymic BALB/c mice were randomly divided into three groups (n=4 per group), namely, control, LV-sh NC (lentiviruses bearing scramble shRNA), and LV-sh TMPO-AS1 (lentiviruses bearing TMPO-AS1 shRNA). SiHa cells were infected with LV-sh TMPO-AS1 or LV-sh NC. At 24 h after infection, infected cells (1 × 10 6 ) stably expressing LV-sh TMPO-AS1 or LV-sh NC were subcutaneously injected into the mice. The mice in the control group received a subcutaneous injection of untreated SiHa cells. Tumor volume (V, mm 3 ) was monitored every 1 week after injection using a caliper and calculated (π/6 × minor axis 2 × major axis). Animals were sacrificed under anesthesia with pentobarbital (50 mg/kg body weight, intraperitoneally) at 5 weeks post-injection and tumor tissues were separated for determination of TMPO-AS1, miR-143-3p, and ZEB1 expression. This study was approved by the Ethics Committee of People's Hospital of Zhengzhou University.
RNA Extraction and qRT-PCR Analysis
Total RNA was extracted from cells or tumors using TRIzol reagent (Invitrogen) and was reverse transcribed into cDNAs using the Reverse Transcription Kit (Takara).
qRT-PCR was performed to amplify the cDNA template through using SYBR Premix Dimmer Eraser kit (Takara) on the ABI7900 system (Applied Biosystem). The relative expression of candidate genes was calculated by the 2 −ΔΔCt method and normalized to the internal control 18S (for TMPO-AS1 and miR-143-3p) or GAPDH (for ZEB1).
Western Blot
Total protein was extracted from the cells or tumors using the radioimmunoprecipitation assay lysis buffer (Beyotime, Shanghai, China) and quantified with the bicinchoninic acid kit. Then the protein samples were loaded and separated using 10% SDS-PAGE gel electrophoresis and then transferred to PVDF membranes. After that, the membranes were blocked with 5% skim milk and then incubated with the following primary antibodies against ZEB1 (1:1000; Santa Cruz Biotechnology) and GAPDH (1:1000; Santa Cruz Biotechnology) overnight at 4°C. Subsequently, the membranes were washed with TBST three times and incubated with the horseradish peroxidase (HRP)-conjugated secondary antibodies (1:2000; Santa Cruz Biotechnology) at room temperature for 2 h. Blots were examined by an Enhanced Chemiluminescence (ECL) Detection kit (Pierce Biotechnology, USA). Image-Pro Plus 6.0 software was used to analyze the band intensity.
Statistical Analysis
Statistical analyses were performed with SPSS 21.0 (SPSS, Chicago, Illinois, USA), and the values were presented as the mean ± standard deviation (SD). The Student's t-test was used to analyze differences between the two groups. One-way ANOVA was used to analyze differences among three or more groups. P<0.05 was considered statistically significant.
Results
TMPO-AS1 Overexpression Promoted C-33A Cell Proliferation, Migration, and Invasion
TMPO-AS1 expression was markedly higher in cervical cancer cell lines (HeLa, SiHa, CaSki, C-33A) than that in the HPVimmortalized cervical epithelial cells line H8 ( Figure 1A ). To explore the potential role of TMPO-AS1 in regulating cervical cancer cell behaviors, we overexpressed TMPO-AS1 in C-33A cell line that expresses relatively lower TMPO-AS1 expression. The overexpression efficiency was confirmed by qRT-PCR ( Figure 1B) . Importantly, CCK-8 assay indicated that the cell viability of cells transfected with pcDNA3.1-TMPO-AS1 was enhanced ( Figure 1C ). Transwell migration and invasion assays demonstrated that the number of migrated ( Figure 1D ) and invaded cells ( Figure 1E ) in cells transfected with pcDNA3.1-TMPO-AS1 was significantly more than that in those transfected with vector control. These data indicated that TMPO-AS1 overexpression promoted C-33A cell proliferation, migration, and invasion.
TMPO-AS1 Silencing Inhibited SiHa Cell Proliferation, Migration, and Invasion
To further clarify the functional role of TMPO-AS1 in regulating cervical cancer cell behaviors, we silenced TMPO-AS1 in SiHa cells. The silencing efficiency was confirmed by qRT-PCR (Figure 2A ). Data revealed that TMPO-AS1 silencing significantly inhibited cell proliferation ( Figure 2B ), migration ( Figure 2C ), and invasion ( Figure 2D ) in SiHa cells.
TMPO-AS1 Acted as a ceRNA by Sponging miR-143-3p to Elevate ZEB1 Expression
Luciferase reporter assay showed that miR-143-3p mimic caused a marked reduction in luciferase activity in TMPO-AS1 WT reporter, whereas had no obvious effect in TMPO-AS1 Mut reporter. These data suggested the direct binding between TMPO-AS1 and miR-143-3p ( Figure 3A) . Furthermore, miR-143-3p mimic significantly decreased the luciferase activity of ZEB1 WT reporter ( Figure 3B ), indicating the direct binding between miR-143-3p and ZEB1 3ʹUTR. We then determined the effect of TMPO-AS1 overexpression and silencing on the expression of miR-143-3p and ZEB1. Data revealed that TMPO-AS1 overexpression significantly decreased miR-143-3p expression ( Figure 3C ), whereas increased ZEB1 mRNA ( Figure 3D ) and protein ( Figure 3E ) levels in C-33A cells. In contrast, TMPO-AS1 knockdown notably increased miR-143-3p expression ( Figure 3F ), whereas decreased ZEB1 mRNA ( Figure 3G ) and protein ( Figure 3H ) levels in SiHa cells.
In addition, miR-143-3p mimic significantly decreased ZEB1 mRNA ( Figure 4A ) and protein levels ( Figure 4B ) in C-33A cells, whereas miR-143-3p inhibitor increased mRNA ( Figure 4C ) and protein levels ( Figure 4D ) of ZEB1 in SiHa cells. More importantly, TMPO-AS1 overexpression effectively restored the miR-143-3p mimic-mediated downregulation of ZEB1 mRNA ( Figure 4A ) and protein levels ( Figure 4B ) in C-33A cells. Moreover, TMPO-AS1 silencing significantly eliminated the miR-143-3p inhibitor-mediated elevation of ZEB1 mRNA ( Figure 4C ) and protein levels ( Figure 4D ) in SiHa cells. Taken together, these results indicated that TMPO-AS1 acted as a sponge for miR-143-3p to elevate ZEB1 expression.
miR-143-3p Mimic and ZEB1 Silencing Impaired the TMPO-AS1 Overexpression-Mediated Promotion of C-33A Cell Proliferation, Migration, and Invasion
We then sought to elucidate whether miR-143-3p and its target ZEB1 are involved in the regulation of cervical cancer cell behavior mediated by TMPO-AS1 overexpression. In contrast with TMPO-AS1 overexpression, miR-143-3p mimic significantly inhibited C-33A cell proliferation ( Figure 5A ), migration (
Figure 5B), and invasion ( Figure 5C ). Of note, miR-143-3p mimic effectively abrogated the TMPO-AS1 overexpression-mediated promotion of C-33A cell proliferation ( Figure 5A ), migration ( Figure 5B ), and invasion ( Figure 5C ). Furthermore, ZEB1 silencing notably inhibited C-33A cell proliferation ( Figure 6A ), migration ( Figure 6B ), and invasion ( Figure 6C ), which was opposite to the effect by TMPO-AS1 overexpression. Importantly, ZEB1 silencing, similar to miR-143-3p mimic, efficiently impaired the TMPO-AS1 overexpression-mediated promotion of C-33A cell proliferation ( Figure 6A ), migration ( Figure 6B ), and invasion ( Figure 6C ). Collectively, these data indicated that TMPO-AS1 overexpression promoted C-33A cell proliferation, migration, and invasion, via regulating the miR-143-3p/ZEB1 axis.
TMPO-AS1 Knockdown Inhibited Cervical Cancer Cell Tumorigenesis in vivo
The tumor volume in SiHa cells-induced mouse xenograft models of cervical cancer was significantly decreased by TMPO-AS1 knockdown ( Figure 7A ). Furthermore, TMPO-AS1 expression was observably downregulated in tumors in the LV-sh TMPO-AS1 group ( Figure 7B ). Moreover, miR-143-3p expression in tumors formed by LV-sh TMPO-AS1-infected SiHa cells was markedly downregulated when compared with the LV-sh NC group ( Figure 7C ). In contrast, ZEB1 mRNA and protein levels were notably downregulated in tumors formed by LV-sh TMPO-AS1-infected SiHa cells in comparison with the LV-sh NC group ( Figure 7D and E).
Discussion
The present study provided evidence for the first time that TMPO-AS1 overexpression promoted C-33A cell proliferation, migration, and invasion. In contrast, TMPO-AS1 silencing inhibited SiHa cell proliferation, migration, and invasion. Mechanistically, TMPO-AS1 acted as a ceRNA by sponging miR-143-3p to elevate ZEB1 expression, and thereby promoted C-33A cell proliferation, migration, and invasion. Further in vivo assay showed that TMPO-AS1 knockdown inhibited cervical cancer cell tumorigenesis. Abundant evidence has identified aberrant lncRNAs with important roles in the pathogenesis of multiple malignancies including cervical cancer. 1, 13 Recent studies revealed that lncRNAs that are dysregulated in cervical cancer can be used as biomarkers in cervical cancer prognosis for metastasis and provide a novel treatment for cervical cancer. 14 The alteration in the expression of these lncRNAs not only has obvious effects on the biological behaviors such as proliferation, migration and invasion of cervical cancer cells, but is closely related to the tumor size, angiogenesis, Federation of Gynecology and Obstetrics (FIGO) stage, lymph node metastasis and poor prognosis of cervical cancer. 1, 15 Thus, regulation of certain lncRNAs can represent a novel therapeutic strategy in the treatment of cervical cancer. For instance, Zhang et al 15 recently reported that lncRNA SOX21 antisense RNA 1 (SOX21-AS1) was significantly upregulated in both cervical cancer tissues and cell lines and high expression of SOX21-AS1 was correlated with FIGO stage, lymph node metastasis and depth of cervical invasion. They also found that SOX21-AS1 promoted cervical cancer progression and could be used as a potential prognostic biomarker for patients with cervical cancer. Also, Chen et al 16 demonstrated that lncRNA X-inactive specific transcript (XIST) contributed to progression of cervical cancer by sponging miR-140-5p. Here, we detected lncRNA TMPO-AS1 expression in cervical cancer cells and found that TMPO-AS1 was highly expressed in cervical cancer cells. Furthermore, TMPO-AS1 overexpression and knockdown experiments revealed that TMPO-AS1 promoted cervical cancer cell proliferation, migration, and invasion. Our findings indicated that TMPO-AS1 functioned as an oncogenic lncRNA in cervical cancer. LncRNAs control tumorigenesis mainly by regulating the expression levels of certain oncogenes or tumor Figure 5 Effect of miR-143-3p mimic on TMPO-AS1 overexpression-mediated promotion of C-33A cell proliferation, migration, and invasion. C-33A cells were cotransfected with pcDNA3.1-TMPO-AS1/empty vector and miR-143-3p mimic/mimic NC. Cell viability (A), migration (B), and invasion (C) were evaluated using CCK-8 assay and Transwell migration and invasion assay, respectively. Figure 6 Effect of ZEB1 silencing on TMPO-AS1 overexpression-mediated promotion of C-33A cell proliferation, migration, and invasion. C-33A cells were co-transfected with pcDNA3.1-TMPO-AS1/empty vector and si-ZEB1/si-Ctrl. Cell viability (A), migration (B), and invasion (C) were evaluated using CCK-8 assay and Transwell migration and invasion assay, respectively. Scale bar: 50 μm. **P<0.01, vs vector+si-Ctrl; ## P<0.01, vs si-Ctrl+ TMPO-AS1 or vector+ si-ZEB1. N=3.
suppressors. 17 It is well-established that lncRNAs can function as ceRNAs or molecular sponges to segregate miRNAs away from target mRNAs. 8 For example, lncRNA SBF2
antisense RNA 1 (SBF2-AS1) promoted the progression of cervical cancer by regulating miR-361-5p/FOXM1 axis; 18 lncRNA TPT1 antisense RNA 1 (TPT1-AS1) facilitated cell growth and metastasis in cervical cancer by functioning as an endogenous sponge for miR-324-5p. 19 The cytoplasm is the main location for ceRNA action. 20 TMPO-AS1 was predominantly localized in the cytoplasm in PCa cells, 5 indicating the post-transcriptional regulation of TMPO-AS1. Accordingly, we explored whether TMPO-AS1 functioned as a ceRNA in regulating miR-143-3p. By using bioinformatics analysis and luciferase activity reporter, we confirmed the direct interaction between miR-143-3p and TMPO-AS1 or ZEB1. Recent studies showed that miR-143-3p was lowly expressed in cervical cancer tissues and cell lines and exerted tumor-suppressive effects in cervical cancer. [9] [10] [11] ZEB1 is generally believed to exert intrinsic oncogenic functions and foster cell migration, invasion, and metastasis in cervical cancer. 8, 12, 21 miRNAs regulate gene expression through post-transcriptional pattern by directly targeting 3ʹ-UTR with paired bases, leading to translational repression or target degradation. 22 Our results here showed that ZEB1 served as a target molecule of miR-143-3p, which was consistent with previous studies in hepatocellular carcinoma. 17 Furthermore, the inhibition of ZEB1 mRNA and protein levels by miR-143-3p mimic was counteracted by TMPO-AS1 overexpression, whereas the induction of ZEB1 expression by miR-143-3p inhibitor was abrogated by TMPO-AS1 silencing, indicating that TMPO-AS1 acted as a sponge of miR-143-3p and prevented it from binding to ZEB1 mRNA, thereby elevating ZEB1 mRNA and protein levels. Further rescue experiments showed that miR-143-3p mimic and ZEB1 silencing impaired the effect of TMPO-AS1 overexpression on cancer cell behavior, indicating that TMPO-AS1 promoted cervical cancer cell growth via regulating miR-143-3p/ZEB1 axis.
Conclusions
In conclusion, our findings demonstrate for the first time that lncRNA TMPO-AS1 functions as an oncogenic lncRNA in cervical cancer, and indicate that TMPO-AS1 /miR-143-5p/ZEB1 regulatory pathway plays an important role in cervical cancer. Our study suggests that inhibition of TMPO-AS1 might serve as a promising strategy for the treatment of cervical cancer clinically.
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